Abstract. Several studies have highlighted the importance of the microenvironment in the behaviour of follicular lymphoma (Fl). We conducted an immunohistochemical analysis to assess the role of different cell subpopulations, i.e. cd8, cd68 and forkhead box protein p3 (FOxp3)-positive regulatory t cells (treg cells) in 84 lymph nodes of 58 patients with Fl (58 at diagnosis, 26 at relapse). Since the overall effect of tregs is considered to depend on their number in relation to cd8
Introduction
Follicular lymphoma (Fl) is the most common indolent B-cell lymphoma. it is generally associated with translocation t (14; 18) (q32;q21), which participates in tumour cell survival through overexpression of the anti-apoptotic Bcl2 protein (1, 2) . numerous treatments have been proposed, from delayed therapy after a watch-and-wait period to autologous transplantation or immune therapy, from allogenic transplantation to vaccination or the use of anti-cd20 monoclonal antibodies, with or without chemotherapy. to date, only clinical prognostic classification, such as the Follicular Lymphoma International index (Flipi), is used to guide treatment (3) .
accumulation of genomic alterations and clonal selection account for subsequent Fl progression and transformation (4) . however, a role of the Fl cell microenvironment in determining clinical behaviour and disease prognosis has also recently been substantiated (5) (6) (7) (8) . in this cancer, tumour cells reside and proliferate in follicular structures in close association with helper t cells and follicular dendritic cells (7, 9) . Biological analyses have been conducted to determine the exact role of these different cellular subpopulations. Staudt and dave (10) and dave et al (11) initially used gene expression profiling and observed a major role of T-lymphocytes and macrophages, while defining two prognostic subgroups. tumours induce immunologic tolerance by several mechanisms involving tolerogenic antigen-presenting cells, Foxp3 + cd4 + cd25 + regulatory t cells (tregs). an increased frequency of tregs has been noted in the peripheral blood of patients with bronchial carcinoma as compared to healthy individuals (12) , and similar findings were also reported in patients with a variety of cancer types. tregs that are found within the tumour microenvironment are highly suppressive and abrogate the effector function of cytotoxic t cells as well as nK cell-mediated cytotoxicity (13).
in follicular lymphoma, FOxp3 + T cells were first suggested to be associated with poor survival (14) . Then conflicting results were published indicating the positive impacts of the cd4 + cd25 + FOxp3 + phenotype (15) (16) (17) . in addition, cd8 and cd4 t cells were mentioned as being key cells in the progression and/or transformation process (18, 19) , and mast cells were (Table I) . Fifty-eight patients consecutively diagnosed at a single institution between 1990 and 2005 were included in the present study. all cases were reviewed according to criteria of the WHO Classification (24) . We observed 39 grade 1 (67%), 10 grade 2 (17%) and 9 grade 3 (16%) tumours. the median age of the patients was 58 years (interquartile range, 48-69 years), and the male/female ratio was 32/26. advanced stage (ann arbor iV) lymphomas were noted in 14 cases (24%). the population distribution according to Flipi was as follows: 21 low risk cases (36%), 26 intermediate risk cases (45%) and 11 high risk cases (19%).
Materials and methods

Patients and samples
all patients were treated with combination chemotherapy without rituximab. thirty-two patients were in complete remission (cr) and two in partial remission (pr). twenty-four patients died after a median follow-up of 2 years (range 1-9). the median survival was 8.5 years. Fifteen samples were identified from patients whose survival was less than 5 years, and 14 samples were identified from patients whose survival was more than 10 years after diagnosis. in addition to the diagnostic tissue samples, specimens at relapse were available for 26 patients. ten reactive lymph nodes were used as controls.
Immunohistochemistry. Tissue samples were formalin-fixed and paraffin-embedded. Sections (4-µm) were dewaxed and blocked in a hydrogen peroxide/methanol solution. antigen retrieval was performed by heating the slides in Edta (Sigma) (diluted 1/10, pH 7.0) at 100̊C. All immunohistochemical staining was carried out manually using anti-cd8 (clone c8/144B, dako; dilution 1/25), anti-cd68 (Kp1, dako; dilution 1/500) and anti-Foxp3 (236a/E7, cliniSciences; dilution 1/150). detection was performed with the dako real™ detection system, using peroxidase/daB+ (ref. 5001).
cd8, cd68 and FOxp3-positive cells were counted in 20 hpF and expressed as the number of cells/mm 2 . Positive infiltrating cells were counted independently in perifollicular and follicular (germinal centre and mantle zone) compartments. a minimum of six different follicular and interfollicular areas were selected in tumours to minimize the heterogeneous distribution of positive cells.
double-labelling immunohistochemistry for cd8 and Foxp3 was performed in selected cases using the Benchmark xt automated stainer. after pretreatment as described above, the sections were exposed to cd8 (clone c8/144B, dako, at a 1:25 dilution). the ultraView universal daB detection system was used with daB chromogen. the sections were then processed for the Foxp3 antibody at a 1:100 dilution with the alkaline phosphatase-based ultraView red detection system and Fast red/naphthol chromogen.
Statistical analysis. the population characteristics were described with proportions for categorical variables and median and interquartile values for continuous unusually distributed variables (Shapiro-Wilk statistics). the immunochemical results were compared according to the clinical features using the mann-Whitney u test. the Kaplan-meier method was used to provide estimates of probability of survival. The following period was defined as time from diagnosis to time of last follow-up or death. the survival and potential prognostic factors were compared with the log rank test after conversion of the immunochemical variables into dichotomous variables using the median value. in all of the statistical analyses, p<0.05 was considered significant. All statistical analyses were performed using SaS software (SaS institute, cary, nc, uSa). (table ii) . an example is illustrated in Fig. 1 . the cd8/ (Table III) . We did not note any significant relationship with stage or patient age.
Results
Immunohisochemistry
Correlations between IHC results and outcome. concerning the interfollicular FOxp3
+ cell number, more than 86 cells/ mm 2 were correlated with a more favourable outcome (p=0.03) (Fig. 2) . in contrast, intrafollicular FOxp3, intrafollicular and interfollicular cd8 and cd68 cell numbers were not predictive of patient outcome.
the interfollicular cd8/FOxp3 ratio showed a positive prognostic value for overall survival, with a 5-year OS of 82 vs. 59% for a ratio of less or more than 1.68 (Fig. 3) . Other ratios were not significantly correlated with outcome. (table iV) . discussion the present study of 58 diagnostic lymph node samples from Fl patients showed that the interfollicular cd8/FOxp3 + cell ratio was significantly higher in patients with grade 3 tumours (2.04 vs. 1.63) and with a high risk Flipi index (2.99 vs. 1.53) compared with those with grade 1-2 tumours or a lowintermediate Flipi index. We obtained the same results with the follicular cd8 + /FOxp3 + cell ratio. moreover, the interfollicular cd8/FOxp3 ratio was found to have a prognostic value for overall survival, with a 5-year OS of 82 vs. 59% for a ratio of less or more than 1.68. an interfollicular FOxp3 + cell number of more than 86 cells/mm 2 was correlated with a more favourable outcome (p=0.03).
These results are in accordance with the findings of two recent studies in which a perifollicular pattern of FOxp3-positive cells was more commonly found in the diagnosis of Fl lymph nodes from patients whose subsequent outcome was favourable (15, 17) . tzankov et al reported a favourable prognostic influence of an increased amount of FOXP3 + cells in Fl, chl and in Gc-like diffuse large B-cell lymphomas, and defined a cutoff value of 88.6 FOXP3 + cells/mm 2 in a rOc analysis (16) . these authors did not take the interfollicular vs. follicular location into account. in our study, an interfollicular but not follicular FOxp3 + cell number of more than 86 cells/ mm 2 was correlated with a more favourable outcome (p=0.03).
recent studies have shown that tumour B cells alone induce conventional t cells to express FOxp3 and acquire a regulatory function (25) . the presence of FOxp3-positive cells is also a protective variable in classical hodgkin's disease in which an inverse relationship between tia-1 and FOxp3 expression and survival has been demonstrated. moreover, higher levels of FOXP3 twinned with low TIA-1 were beneficial (16, 26, 27) . in a recent study, de jong et al showed that the presence of cd4/FOxp3 + cells is beneficial to the host, irrespective of the treatment used (28) .
When comparing the two groups at diagnosis and relapse, we observed a significant difference between the CD8/ FOxp3 ratio in interfollicular locations (1.66 at diagnosis vs. 2.2 at relapse, p=0.05). in the tzankov study, a 2.7-fold (from 94 to 33/mm 2 ) proportional decrease in FOxp3 + cells in transformed dlBcl evolving from Fl was observed after immunochemical screening, and this was similar to the 4.4-fold decrease observed by carreras et al (9.6-2.2%) (17) .
concerning the presence of cd68 + cells, we did not obtain a significant correlation with poor survival. However, a recent study outlined the influence of specific therapeutic regimens on the prognostic impact of cd68-postive macrophages in follicular lymphoma (28) . Surprisingly, the numbers of cd68 cells both in intrafollicular and interfollicular locations were significantly lower at relapse as compared to the diagnostic samples (respectively 32 vs. 39.23, p=0.07 and 62 vs. 96, p=0.05).
In inflammatory lymph nodes, we found an interfollicular cd8/FOxp3 ratio (2.74) close to that of the 15 Fl patients with less than a 5-year survival (2.02). These findings are in agreement with those of Glas et al, who showed that Fl with a poor prognosis and a poor response to anti-cd20 therapy had gene expression signatures that were similar to that of normal activated lymphoid tissue (29) . as proposed by de jong, the clinical behaviour and prognosis of Fl seem to be inherited rather than acquired properties according to a dual pathway model (30, 31) . the poor prognosis pathway may be characterised by genetic alterations inducing highly activated specific T cells. In the ʻgood prognosisʼ pathway, different alterations (der18q and +7/+8) and additional anti-apoptotic signals are involved, so protection from apoptosis may therefore be more important than immunologic support. The findings of a recent study support this hypothesis, showing that host genetic variability in immune genes, particularly il-8, il-2, il-12B and il-1rn, appear to be associated with overall survival in Fl (32) .
in conclusion, the presence of a high cd8/FOxp3 ratio is the hallmark of an active immune response during tumour development, with lymphoma cells acting as either target or bystander and reflecting a more aggressive disease.
